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Development of Thermal Mass Flow Controller for
Further Miniaturized Semiconductor Devices
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Mass Flow Controller (MFC) has been evolved for semiconductor industry
expansion and micro-fabrication. Since the year 2000, many multi-range, multi-
gas configurable type MFC’s have been developed and standardized in order to
reduce the number of configurations of MFC gas species and flow ranges which
were typical required in the customer’s inventory. Since 2010, the “Pressure
Insensitive MFC” (PI-MFC) was developed for further reduced-cost
semiconductor processes; which has inlet pressure monitoring and high flow
stability without the need for a separate inlet pressure regulator. This paper
expresses a development of a next generation of thermal MFC, beyond PI-MFC,
for nanometer-scale semiconductor processes.
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Figure 1 EtherCAT mass flow controller
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Figure 2 Principle and structure of the thermal flow sensor
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Figure 4 Principle and structure of the pressure flow sensor
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Table 1 Comparison of TMFC and PMFC

Content TMFC PMFC
Down stream pressure O : Vacuum to 45 E VBN 3

Atmosphere 400Torr

Flow sensor A I Heated coil O : No heat
Self diagnosis X : No O Yes
Minimum control range | A : 2% 0 :0.2%
Step up response A1 sec O :0.8sec
Step down response O : Fast A1 OK
High flow rate capability | O : 500SLM A 1 50SLM
Inlet pressure sensitivity | & @ OK O : Good
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Figure 6 Experimental results of flow output signal
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Figure 7 Experimental results of flow accuracy
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Figure 9 Experimental results of valve seat leakage
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Figure 11 Sample to sample variation of flow response
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Figure 12 Step-up flow responses
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